The B c → B s π decay is studied with the perturbative QCD approach. 
I. INTRODUCTION
The B c meson, the heaviest of the ground pseudoscalar meson with explicit both bottom and charm quantum numbers, was observed for the first time via the decay B c → J/ψℓν in There seems to be a golden opportunity and a real possibility to investigate the B c weak decay. The reconstructed events of the B c → B s π decay is estimated to be ∼ 10 3 per year 
II. EFFECTIVE HAMILTONIAN
For hadronic decays, typically the effective Hamiltonian calculations with operator product expansion scheme is used. The effective Hamiltonian for B c → B s π decay can be written as [16] :
where G F is Fermi coupling constant. The CKM factor V ud V * cs ∼ O(1). α and β are color indices. (qq
The Wilson coefficients C 1,2 (µ), incorporating the physics contributions from heavy particles such as W and Z bosons, top quark, and scales higher than µ, have been calculated to the next-to-leading order with perturbation theory [16] . There most difficult problem remaining in calculation is how to evaluate the hadronic matrix elements of the local operators properly and accurately.
III. HADRONIC MATRIX ELEMENTS
Using Brodsky-Lepage approach [17] , the hadronic matrix element is commonly written as a convolution of hard-scattering kernels and hadron wave functions (WFs 
where k and t are the corresponding kinematic variables and characteristic scale, respectively.
A. Kinematic variables
In the terms of the light cone coordinate, the momenta of the valence quarks and hadrons in the rest frame of the B c meson are defined as:
where the subscript i = 1, 2, 3 refer to B c , B s , π meson, respectively. Variables k i , k iT , x i are the four-dimensional momentum, transverse momentum and longitudinal momentum fraction of light quark, respectively. r Bs = m Bs /m Bc .
B. Wave functions
Hadron wave functions are basic input in Eq.(2). Adopting the notation in [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] , the two-valence-particle WFs for double-light pion, heavy-light B s meson and double-heavy B c meson are decomposed into :
where N c = 3 is the color number. n − and n + are the minus and plus null vectors, respectively. n + ·n − = 1. 
The relationship is helpful in constraining models for the B s WFs, which leads to φ The first candidate is the exponential type (GN) suggested in [21] ,
The second candidate is the Gaussian type (KLS) proposed in [22, 23] whereby
wherex = 1 − x, and the constant C KLS is chosen so that φ − Bs (1, b) = 0. The third candidate is the KKQT type derived form the QCD equations of motion and heavy-quark symmetry constraint [19, 24] ,
where y = ω KKQT − x.
In the above equations Eq.(11-16), b denotes the conjugate variables of the transverse momentum of s quark in B s meson. There is only one parameter ω for each kind of WFs candidate. The normalization constants N ± is related to the decay constant f Bs through the relation :
For the double-light pion, the expression of φ a,p,t π can be found in [22] [23] [24] [25] [26] . For the doubleheavy B c meson, it can be described approximatively by nonrelativistic dynamics. At tree level and in leading order of the expansion in the relative velocities, b and c quarks in the B c meson just share the total momentum according to their masses [27] ,
where f Bc is the decay constant, and r c = m c /m Bc .
IV. B c → B s TRANSITION FORM FACTORS
The B c → B s transition form factors are defined as follows [28] :
where q = p 1 − p 2 is the momentum transfer. Usually, the longitudinal form factor F 0 (q 2 ) is compulsorily equal to the transverse form factor F 1 (q 2 ) in the largest recoil limit to cancel singularities appearing at the pole q 2 = 0, i.e., F 0 (0) = F 1 (0).
Within the pQCD framework, the one-gluon-exchange diagrams contributing to the B c → B s transition form factors are displayed in Fig.1 . It has been shown that the pQCD approach works ideally in the large recoil region [14, 20, 23, 24] . The expression of form factors is :
where C F = 4/3 is color factor. E i (t i ) = e −S Bs (t i ) is the Sudakov factor.
where γ q = −α s /π is the quark anomalous dimension. The expression of s(Q, b) can be found in [29, 30] . The hard-scattering kernel function H a,b in Eq. (20) is defined as :
where K 0 and I 0 are the modified Bessel functions; α and β are the virtualities of internal gluons and quarks, respectively.
V. DECAY AMPLITUDE Within the pQCD framework, the Feynman diagrams for B c → B s π decay are shown in After a straightforward calculation, the decay amplitudes is written as :
where the explicit expressions of A i are collected in APPENDIX A. From these expressions, we see that only the twist-2 light-cone distribution amplitude (LCDA) φ a π of pion contributes to nonfactorizable decay amplitude. The expression of the twist-2 pion LCDA is defined in Gegenbauer polynomials [25] as:
where the nonperturbative parameter a π i (µ) is the Gegenbauer moment. The branching ratio in the B c meson rest frame can be written as:
where the common momentum p = (m 
VI. NUMERICAL RESULTS AND DISCUSSION
The input parameters in our numerical calculation are collected in Table 1 . If not specified explicitly, we shall take their central values as the default input.
Our results on form factor F Bc→Bs 0 (0) and branching ratio Br(B c →B s π) are listed in Table   2 , where the first uncertainty comes from the mass of charm quark; the second uncertainty comes from the shape parameter of B s meson WFs, that is, ω GN = 0.65±0.10 GeV in Eq.(11-12), ω KLS = 0.75±0.10 GeV in Eq.(13-14) and ω KKQT = 0.35±0.10 in Eq. (15-16) ; the third uncertainty comes from the choice of hard scales (1±0.1)t i in Eq. (27) . We can see that the large uncertainty come from the B s WFs. In addition, the decay constants f Bc and f Bs will bring some 2.4% uncertainty to the form factor.
For the form factor F Bc→Bs 0 (0), our study show that : Firstly, the interference between Table 3 .
For the branching ratio Br(B c →B s π), our study show that : Firstly, the dominated contribution comes from the factorizable topology Fig.2(a,b) . The interference between nonfactorizable diagrams Fig.2(c) With the running of LHC, the more data will be accumulated at LHCb, the more precise branching ratio for the B c → B s π decay will be obtained, and various models for hadron wave function and factorization treatments for hadron matrix element will be more stringently tested.
Acknowledgments
This work was supported by National Natural Science Foundation of China under Grant Nos. 11147008, U1232101 and 11275057). We thank Prof. Hsiangnan Li, Prof. Caidian lü, Prof. Zhenjun Xiao for their helpful discussion.
Appendix A: the decay amplitudes
There are four diagrams contributing to the B c → B s π decay which are shown in Fig.2. The expression of the decay amplitudes in Eq.(28) are :
where the evolution factor E a,b and the kernel function H a,b are the same as those for the B c → B s transition form factors given in Section IV. The evolution factor E c,d = e −S Bs −Sπ .
The Sudakov factors S Bs are given in Eq. (21) . And the Sudakov factors S π is defined as :
The hard-scattering kernel function H c,d is defined as :
where α and β i are the virtualities of internal gluons and quarks in Fig.2 , respectively; t i is the maximal (either longitudinal or transverse) virtuality of propagators: Gegenbauer moment a π 2 (1GeV) = 0.16±0.01 [33] a π 4 (1GeV) = 0.04±0.01 [33] 
